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ABSTRACT

Background: Barosinusitis, or sinus barotrauma, may arise from changes in ambient pressure that are not compensated by
force equalization mechanisms within the paranasal sinuses. Barosinusitis is most commonly seen with barometric changes
during flight or diving. Understanding and better classifying the pathophysiology, clinical presentation, and management of
barosinusitis are essential to improve patient care.

Objectives: To perform a comprehensive review of the available literature regarding sinus barotrauma.

Methods: A comprehensive literature search that used the terms “barosinusitis,” “sinus barotrauma,” and “aerosinusitis”
was conducted, and all identified titles were reviewed for relevance to the upper airway and paranasal sinuses. All case reports,
series, and review articles that were identified from this search were included. Selected cases of sinus barotrauma from our
institution were included to illustrate classic signs and symptoms.

Results: Fifty-one articles were identified as specifically relevant to, or referencing, barosinusitis and were incorporated into
this review. The majority of articles focused on barosinusitis in the context of a single specific etiology rather than independent
of etiology. From analysis of all the publications combined with clinical experience, we proposed that barosinusitis seemed to
fall within three distinct subtypes: (1) acute, isolated barosinusitis; (2) recurrent acute barosinusitis; and (3) chronic
barosinusitis. We introduced this terminology and suggested independent treatment recommendations for each subtype.

Conclusion: Barosinusitis is a common but potentially overlooked condition that is primed by shifts in the ambient pressure
within the paranasal sinuses. The pathophysiology of barosinusitis has disparate causes, which likely contribute to its
misdiagnosis and underdiagnosis. Available literature compelled our proposed modifications to existing classification schemes,

which may allow for improved awareness and management strategies for barosinusitis.
(Allergy Rhinol 8:e109-e117, 2017; doi: 10.2500/ar.2017.8.0221)

INTRODUCTION AND HISTORY OF
BAROSINUSITIS
arosinusitis, or sinus barotrauma, is a condition
that describes the varying degrees of sinonasal
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injury and/or inflammation that result when the aer-
ated spaces of the nose and sinuses are exposed to an
uncompensated change in ambient pressure. This en-
tity was first documented in World War II aviation
literature,'” with its pathophysiology first described
by Campbell® in 1942. In 1965, Flottes* reported the
first case of diving-related barosinusitis, which oc-
curred in a deep sea diver who was using a self-
contained underwater breathing apparatus. Over the
past 50 years, additional causes of sinus barotrauma
have also been documented and include the use of
gaseous general anesthetic agents,” hyperbaric oxygen
therapy,® Chinook wind exposure,” prolonged high
altitude exposure,® automobile travel,” submarine de-
compression,'” nasal blowing,'" and vigorous Valsalva
maneuver'> (Table 1).

Due to the increasing frequency of air travel and
recreational and/or commercial deep-sea diving, more
patients may seek otolaryngology evaluation with
symptoms related to barosinusitis. However, many
otolaryngologists remain unfamiliar with this clinical
entity due to the lack of differentiating features from
other forms of sinusitis as well as the relative paucity of
publications in the otolaryngology literature regarding
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Table 1 The spectrum of etiologies that contributes
to barosinusitis, with the highest levels of evidence
available in the literature*

Etiology Highest Level Reference

of Evidence No.
Diving 2b 16
Flight 2b 15
Hyperbaric oxygen 2b 32

therapy

Chinook wind 3b 7
Long stay in high altitude 4 8
General anesthesia 5 5
Nose blowing 5 11
Overvigorous Valsalva 5 12
Car travel 5 9

*Based on Ref. 51.

this topic. This review offered a current comprehensive
assessment of the published literature on barosinusitis
and focused on factors to assist in the diagnosis, pre-
vention, and timely treatment of this condition. In ad-
dition, we presented two cases of recurrent acute baro-
sinusitis, a condition not previously well documented
in the literature, and proposed a new classification
system for sinus barotrauma.

PREVALENCE AND INCIDENCE OF SINUS
BAROTRAUMA

The exact prevalence and incidence of barosinusitis
remains unknown but is thought to vary with under-
lying etiology. Estimates of prevalence range from 34%
in divers,'? to 19.5-25% in pilots."*'*> Concurrent sino-
nasal inflammation (e.g., allergic rhinitis) further in-
creases the prevalence of barosinusitis in pilots, with
rates reported as high as 55% in commercial pilots and
34% in high-performance fighter pilots."”> Although the
incidence of barosinusitis in divers has been reported
up to 26%,'® this value is unknown in pilots due to a
dearth of reliable studies in this patient cohort. The
incidence and prevalence from rare causes are equally
difficult to assess; however, prevalence of sinus baro-
trauma in patients who undergo hyperbaric oxygen
exposure is reported to be around 3%."”

PATHOPHYSIOLOGY AND REPORTED CAUSES
OF BAROSINUSITIS

Boyle’s Law, which states that, at a given tempera-
ture, the volume of a gas varies inversely with pres-
sure, is highly applicable to understanding the patho-
genesis of barosinusitis. The paranasal sinuses are
labyrinthine air-filled spaces bounded by thick, fixed
bony outer walls, and by thin, pliable, internal walls.
Under normal circumstances, barometric air pressure
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within the sinus cavities equilibrates with the pressure
in the surrounding nasal passages through the open-
ings into the sinuses, known as the sinus ostia. Com-
munication between the central nasal cavity and more
laterally located sinuses allows changes in pressure to
be compensated by small changes in the volume of gas
within the sinuses. In patients with barosinusitis, the
ostia may be anatomically smaller (due to minor fluc-
tuations in the wall positions around the ostia) or
become narrowed or obstructed due to local inflamma-
tion, edema, or trauma, which compromise the ability
of the ostia to compensate and facilitate air ex-
change.'® ?° The uncompensated changes in intrasinus
pressure can result in the mucosal injuries observed in
barosinusitis. The numerous downstream mechanistic
pathways are further discussed by etiology.

Flying and Diving

As previously noted, secondary shifts in barometric
pressure due to altitude changes during flight and
diving are the most common causes of barosinusitis.
During ascent in an aircraft or ascent after deep dives,
the ambient pressure decreases with the decrease in
gravity, which results in intrasinus gaseous expansion
against the rigid sinus outer walls, and the intrasinus
pressure increases. In a normal sinus, this change is
typically compensated by pressure equilibration be-
tween the sinus ostia and the nasal cavity, akin to a
pressure-release valve (Fig. 1). However, in an in-
flamed or partially obstructed sinus, increased air ex-
pansion and elevated intrasinus pressure without this
compensated pressure release is called “reverse
squeeze.” This phenomenon, most commonly seen in
resurfacing divers, produces an outward, “expansile”
compression injury of the sinus mucosa against the
bony sinus outer walls (Fig. 2).'%2°

By contrast, during descent, ambient air and water
pressures increase due to the effects of gravity and/or
water mass. According to Boyle’s Law, this results in a
decrease in gaseous volume within the nasal cavity and
sinuses themselves, and this, therefore, creates a de-
compression or squeeze effect. The corresponding in-
juries that may result from uncompensated centripetal,
“pulling” forces can range from mild mucosal edema,
to complete avulsion of the mucosal surface from the
bone, to hematoma formation, depending on the de-
gree and rapidity of the pressure shifts (Fig. 2). Avia-
tion and diving studies indicate that decompression
barosinusitis events associated with descent and in-
creased gravity are twice as common as sinus baro-
trauma that is related to ascent, compression, and re-
verse squeeze phenomena.'®*!

The differences between the physical properties of
water and air explains why barosinusitis is reported to
be more common in divers than in pilots. Water is
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Figure 1. Illustrations depicting sinus pressure equalization in
common contexts. (A) Normal sinus equalization in a healthy,
unobstructed frontal sinus at sea level. (B) Normal sinus equaliza-
tion during flight. The ambient pressure decreases with the decrease
in gravity, which results in intrasinus gaseous expansion against
the rigid sinus outer walls and intrasinus pressure increases; in a
normal sinus, this change is typically compensated by pressure
equilibration between the sinus ostia and nasal cavity (outward
flow). (C) Normal sinus equalization during diving. The ambient
pressure increases due to the effects of gravity and/or water mass;
this results in a decrease in gaseous volume within the sinuses and
creates intrasinus decompression. In a normal sinus, this change is
typically compensated by pressure equilibration between the sinus
ostia and the nasal cavity (inward flow).

noncompressible, and pressure increases linearly at a
rate of 1 atmosphere every 10 m. Air, by contrast, is
compressible and amorphous, which thereby requires
much greater changes in altitude to cause similar
changes in pressure.” The pressure change that occurs
during a rapid 5 m underwater dive is equivalent to
that seen during a 5500 m descent above sea level; the
latter will also occur more gradually.” In the former
scenario, the sinuses have less time to equilibrate to
rapid alterations in ambient pressure, which may more
readily result in barosinusitis.

Anesthesia

Barosinusitis due to general anesthesia has been de-
scribed in one case report.” Two major pathophysio-
logic mechanisms have been proposed in this setting.
First, the use of inhaled nitrous oxide (N,O) has been
implicated due to its high blood-to-gas partition coef-
ficient, which is 30 times higher than that of nitrogen
(N). As a result, when an inspired volatile gas mixture
is switched from ambient air that contains ~75-78% N,
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Figure 2. Illustrations that depict scenarios of sinus barotrauma.
(A) Reverse squeeze or compression injury in an inflamed or
partially obstructed sinus. Increased air expansion and elevated
intrasinus pressure during ascent, without compensated pressure
release, produces an outward, “expansile” compression injury of
the sinus mucosa against the bony sinus outer walls; this results in
mucosal edema and rupture. (B) A squeeze or decompression injury
in an inflamed or partially obstructed sinus. Decrease in gaseous
volume within the sinuses during descent creates intrasinus de-
compression without inward pressure equalization; this results in
“pulling” forces within the sinus cavity that can cause mucosal
edema, avulsion of the mucosal surface from the bone, and hema-
toma formation, depending on the degree and rapidity of the pres-
sure shifts. (C) Type 3 frontal cell that compromises sinus outflow;
a reverse squeeze Or compression injury may occur in both the
frontal sinus and obstructing type 3 cell, producing severe, but
focal, symptoms.

to an anesthetic mixture that contains 70% N,O, the
N,O will permeate into all gas-filled spaces, such as the
paranasal sinuses, ~30 times faster than N, can exit. As
a result, the intranasal-intrasinus volume or pressure
within the bone-encased sinus cavities may rapidly
increase.”> When N,O is terminated at the end of an
anesthetic procedure, rapid reversal of this process
may also ensue to form a marked subatmospheric pres-
sure change within the sinuses, which results in
“squeeze” or descent-related phenomenon within an
affected sinus or airway. Second, it has been postulated
that certain ventilator settings themselves may contrib-
ute to sinus barotrauma. Patients with allergic inflam-
mation or chronic sinusitis with a reduced capacity to
balance and/or equilibrate pressure between the nose
and the sinuses may be predisposed to otherwise
harmless peaks in inspiratory pressures during volatile
inhalational anesthetic administration.”
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Hyperbaric Oxygen Therapy

Hyperbaric medicine, also known as hyperbaric ox-
ygen therapy (HBOT), is the medical use of oxygen at
a level higher than atmospheric pressure. The use of
HBOT chambers have been well described in various
conditions, including carbon monoxide poisoning, ne-
crotizing soft-tissue infections, osteoradionecrosis, de-
compression sickness, and arterial gas embolism.® Typ-
ically, this treatment is well tolerated by patients due to
the slow, graduated elevation of ambient pressures
within the HBOT chamber. However, in patients with
narrowed or obstructed nasal passages or sinus ostia,
HBOT treatment can contribute to squeeze or decom-
pression types of sinus barotrauma injury.

Chinook Wind

A Chinook wind, also known as a “snow eater,” is a
weather phenomenon characterized by the rapid flow
of warm, high-pressured winds in mountainous re-
gions. It has been described in the Pacific Northwest,
New Zealand, southern Europe, and Argentina. The
warm wind is theorized to result in an increased con-
centration of positive ions with rapid ambient pressure
changes that can produce barosinusitis. Rudmik et al.”
indicated that several anatomic variants may predis-
pose individuals to Chinook-wind-related barosinus-
itis. These include the presence of concha bullosa,
sphenoethmoidal cells, and large maxillary sinus vol-
umes, which all serve to increase the relative volume of
the sinonasal cavity. This, in turn, may increase the
intensity of squeeze and reverse-squeeze phenomena
during atmospheric pressure changes.

CLINICAL PRESENTATIONS AND A PROPOSED
CLASSIFICATION SYSTEM FOR
BAROSINUSITIS

To our knowledge, no formal classification system
for barosinusitis exists. Therefore, based on our review
of the available literature of sinus barotrauma, we de-
veloped a proposed classification system for this dis-
ease entity: (1) acute barosinusitis, (2) recurrent acute
barosinusitis, and (3) chronic barosinusitis (Table 2).
The primary distinction between these terms is the
frequency of episodes for a given patient with barosi-
nusitis and symptomatology between acute episodes.

Acute Barosinusitis

We defined acute barosinusitis, the most common
form, as an isolated episode of sinus-related pain and
inflammation that lasts a few hours to days after ex-
posure to an identifiable cause of change in ambient air
pressure. Although acute barosinusitis can occur in the
absence of preexisting sinus pathology, reports*~2°
indicate that it manifests much more frequently in the
setting of preexisting acute sinonasal inflammation.
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Several series report the presence of a coexisting upper
respiratory tract infection (URTI) in 50-73% of cases,
whereas other series also document a high incidence of
concurrent allergic rhinitis.** ™ From the literature,
acute barosinusitis involves a single sinus, with the
frontal sinus most commonly affected (68-100% in dif-
ferent series),** followed by maxillary”?” and sphe-
noid sinuses.”®* * This is most likely explained by the
narrow dimensions of the frontal ostium and recess,
and also the thin-walled frontoethmoid type III/IV air
cells that commonly partially obstruct the frontal sinus
outflow tract (Fig. 2).

Sudden onset of pain is the most frequently reported
symptom of acute barosinusitis, and this is often well
localized to the affected sinus. In isolated acute sphe-
noid barosinusitis, discomfort has been reported to be
periorbital or temporo-occipital.*®*** Although pain is
typically reported as sharp in nature, a dull headache-
type pain has also been described. It is possible that
this common presentation may indeed represent an
“airplane headache,” a phenomenon recently de-
scribed in the neurologic literature, in which patients
experience a frontal and/or medial supraorbital head-
ache that lasts <30 minutes during flight, without clin-
ical or radiologic abnormality.*! Epistaxis is the second
most commonly reported symptom and typically oc-
curs in reverse-squeeze barosinusitis associated with
ascent.

Disparate series have shown variable rates of epi-
staxis that range from 33 to 66%.**** Patients fre-
quently describe the feeling of a “cracking” or “pop-
ping” sensation from the sinus region, which is
thought to be a consequence of mucosal stripping and
submucosal hematoma formation in the affected sinus
(Fig. 2). Rare presentations of acute barosinusitis in-
clude excessive lacrimation, purulent nasal dis-
charge,® anesthesia over the V2 branch of the trigem-
inal nerve® and dental pain. Although highly
uncommon, patients have initially presented with
symptoms directly related to complications from an
acute episode, such as meningitis,>>° septal abscess,*®
pneumocephalus,'>*” orbital floor fracture,'' and even
blindness.*®

In 1972, Weissman®® attempted to further classify
acute barosinusitis based on the duration of symptoms
and plain film radiographic findings. He defined class
1 acute barosinusitis as lasting <24 hours, with normal
sinus radiographs. Class 2 and class 3 both showed
sinus opacification on plain radiographs; however,
class 2 attacks last <24 hours and class 3 attacks persist
for >1 day. Although plain films are no longer indi-
cated for the routine evaluation of sinus disease, the
duration can be a helpful way to categorize these
symptoms.
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Table 2 Proposed new classification of barosinusitis

Type of Frequency of Clinical Findings Imaging Treatment
Barosinusitis Episodes
Acute Once Acute focal sinus pain Clear imaging to total ~ Conservative medical
and inflammation opacification of treatment with
with pressure involved sinus decongestants and
changes (spectrum possible) antibiotics; surgery is
reserved for
complications such
as septal abscess and
pneumocephalus
Recurrent More than once, Acute uni- or bilateral Anatomic abnormalities Medical treatment is
Acute without any pain and compromising sinus usually unhelpful
symptoms between inflammation with drainage/pressure due to purely
acute episodes barometric pressure equalization (e.g., anatomic issues;
changes septal deviation, surgery can be
concha bullosa, limited to correcting
frontal cell); the anatomic
sinuses are usually abnormalities or
clear, especially targeted ESS
between attacks
Chronic More than once, with Most often bilateral Bilateral mucosal Long-term medical

persistence of
chronic symptoms
between acute
episodes

sinus pain and/or
inflammation with
pressure changes

thickening or total
opacification of
sinuses during and
between acute
barotraumatic events

treatment with
antibiotics, local
steroids, and a
tapering course of
oral steroid

Associated symptoms Complete ESS is often

of sinusitis during
and between acute
sinus barotrauma

episodes

the treatment of

choice; sinus outflow
tract patency should
be optimized via ESS

ESS = Endoscopic sinus surgery.

Recurrent Acute Barosinusitis

When acute attacks of barosinusitis present fre-
quently, we propose that the term “recurrent acute
barosinusitis” be applied. Between attacks, these pa-
tients remain completely asymptomatic, with no clini-
cal or radiologic evidence of disease. Only one other
article in the literature mentioned this term and indi-
cated that patients may have a higher incidence of
underlying sinonasal inflammation and anatomic vari-
ants, e.g., septal deviation.?® Treating physicians must
be aware of this structural possibility in their workup
and management of this subset of patients. It should be
mentioned that recurrent acute barosinusitis is distinct
from recurrent sinus barotrauma, which we would
now classify as chronic barosinusitis. We present two
cases of recurrent acute barosinusitis in the section
Radiology Associated with Barosinusitis.

Allergy & Rhinology

Chronic Barosinusitis

Chronic barosinusitis, the most severe form of barosi-
nusitis, is also the most poorly described in the literature.
It is often confused with chronic rhinosinusitis secondary
to underlying sinonasal inflammation due to the long-
standing duration and nature of symptoms. A detailed
history with specific attention to occupational or recre-
ational causes of barotrauma is essential for the proper
diagnosis of this condition. Recent studies'®***° of recre-
ational and professional divers indicate that repeated
barotrauma may actually cause this condition; however,
caution must be used when evaluating these studies to
avoid equating correlation with causation. The rate of
mucosal thickening, as demonstrated on magnetic reso-
nance imaging (MRI) in recreational divers, was double
the rate seen in controls, with 41.8% of divers having
radiologic changes within the sinuses.*
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Another study of professional divers showed a di-
rectly proportional relationship between the preva-
lence of chronic rhinosinusitis and the number of dives
performed.*® In contrast to acute barosinusitis, chronic
barosinusitis often presents bilaterally and involves
numerous sinuses in parallel. Recurrent severe pain
during ambient pressure changes prevents patients
with chronic barosinusitis from flying or diving. Up to
72% of these patients show other symptoms of chronic
rhinosinusitis as well.'® At present, there is not enough
evidence to conclude whether a preexisting chronic
sinusitis causes recurrent barotrauma symptoms or
vice versa in this subgroup of patients.

RADIOLOGY ASSOCIATED WITH
BAROSINUSITIS

Acute sinus barotrauma can present with a wide
range of imaging findings. In many cases, there may
be no radiologic abnormalities evident; whereas, in
other cases, computed tomography (CT) imaging
may demonstrate partial to complete opacification of
one or more of the paranasal sinuses.”* On MRI,
acute sinus barotrauma may be seen as an area of
hyperintensity on both T1 and T2 without contrast
enhancement. These imaging characteristics are hy-
pothesized to be related to submucosal hemorrhage
that occurs during the squeeze or revere squeeze
injury to the sinonasal mucosa and are similar to
signal changes seen with mucoceles and cholesterol
granulomas that should be considered in the differ-
ential diagnosis. Typically, a thorough history, along
with activity associated with changes in ambient
pressure, are the discriminating factors in establish-
ing the diagnosis of barosinusitis.*'

Recurrent acute barosinusitis and even, at times,
early presentations of recurrent sinus barotrauma
may demonstrate similar imaging characteristics that
coincide with the episode. It is important that careful
evaluation of imaging is performed to allow identi-
fication of correctable anatomic abnormalities or
variants that may predispose an individual to re-
peated attacks. In cases of recurrent sinus baro-
trauma, one may see signs of chronic mucosal
changes between episodes as well.

The CT of a patient who had nasal congestion and
experienced several episodes of bilateral maxillary and
ethmoid pain during commercial air travel is presented
in Fig. 3. Most pain occurred during ascent (reverse
squeeze) and was associated with bilateral V2 trigem-
inal nerve numbness and tingling. Bilateral concha bul-
losa with the ostiomeatal complex narrowing was pres-
ent, without evidence of mucosal thickening or
sinusitis on imaging. He underwent surgery to both
improve his nasal airway (septoplasty and submucosal
turbinate reductions) and sinus patency (concha bul-
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Figure 3. Sinus computed tomography, coronal view of a frequent
airline traveler with recurrent episodes of bilateral maxillary and
ethmoid pain during ascent (reverse squeeze), associated with bi-
lateral V2 trigeminal nerve anesthesia versus tingling sensation.
Bilateral concha bullosa were noted to compress the ostiomeatal
complexes (OMC) and narrow the bilateral maxillary infundibulae,
in addition to mild septal deviation—broad septal width and pro-
found inferior turbinate hypertrophy. Treatment for this presenta-
tion of recurrent acute barosinusitis is noted in the accompanying
text.

losa resection, bilateral maxillary antrostomies, total
ethmoidectomies). Symptoms of barosinusitis com-
pletely resolved after sinus surgery, with the absence
of symptoms confirmed even after five flights after
surgery.

The sinus CT of an F-16 fighter pilot, grounded due
to acute episodes of facial pain and “whistling sounds”
that originated from “somewhere between my eyes”
on high-speed descent (squeeze-type injury) is pre-
sented in Fig. 4. He also noted chronic nasal conges-
tion. Significant septal deviation and small left concha
bullosa that compromised the left ostiomeatal complex
was present on imaging, with right inferior turbinate
hypertrophy, but the sinuses were clear overall. This
scenario of recurrent acute barosinusitis was treated
with septoplasty and submucosal inferior turbinate re-
ductions to improve the nasal airways as well as bilat-
eral maxillary antrostomies and anterior ethmoidecto-
mies to improve sinus patency. At 4 weeks after
surgery to the present, 3 years after surgery, this pa-
tient has been on active duty as a fighter pilot and
confirmed the absence of symptoms reminiscent of
nasal obstruction or barosinusitis.

Finally, the radiologic changes associated with
chronic barosinusitis are similar to those seen in
chronic rhinosinusitis and range from mucosal thick-
ening and patchy opacification to complete opacifica-
tion of all paranasal sinuses.
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Figure 4. Sinus computed tomography (CT), coronal view from an
F-16 fighter pilot who was temporarily grounded for workup of
recurrent acute episodes of maxillary facial pain and “whistling
sounds” that originated from “areas between the eyes” on rapid
descent (squeeze) from a high altitude. Significant septal deviation
narrowing the left greater than right nasal airway and maxillary
sinus infundibulum is evident on CT imaging, as is compensatory
right inferior turbinate hypertrophy. Treatment for this presenta-
tion of recurrent acute barosinusitis is noted in the accompanying
text.

MANAGEMENT OPTIONS FOR BAROSINUSITIS

Medical

Different medical treatments have been proposed for
the management of acute barosinusitis and range from
observation to the use of antibiotics, decongestants,
and oral steroids.”** Isolated acute symptomatic epi-
sodes can be successfully managed with decongestants
and analgesics immediately after an episode, albeit
direct evidence for this is sparse and limited to expert
opinion. The roles of antibiotics and of steroids remain
unclear and might be reserved for symptoms that per-
sist for >24 hours.” We suggest that, if patients pres-
ent with a single episode of acute barosinusitis, then
current guidelines regarding acute sinusitis from any
other etiology could be used to decide on treatment
and that imaging be avoided in the absence of sus-
pected complications. In patients with suspected recur-
rent acute barosinusitis, a lower threshold for CT im-
aging may be used to evaluate for structural sinus
anomalies that predispose to these episodes.

In the setting of chronic barosinusitis, a trial of max-
imal medical therapy, similar to that used in patients
with chronic sinusitis, should be attempted before con-
sidering surgery. There is no standardized medical
treatment for chronic barosinusitis in patients exposed
to repetitive barotrauma. In the literature on diving,
one proposed regimen described a 6-week course of
saline solution rinses and fluticasone topical steroid
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spray plus a 5-day course of 100 mg prednisone.***

A 1-month course of antibiotics has also been sug-
gested for active-duty pilots."” For pilots, complete
resolution of symptoms after medical therapy may
warrant an altitude chamber and/or pressure test.
Recurrent symptoms should prompt CT or MRI im-
aging, and sinus surgery may be required. Although
a recent study indicated that 49% of divers with
chronic rhinosinusitis responded well to medical
therapy and could return to diving duties,*’ there is
no consensus among researchers regarding success
rates for medical therapy of chronic barosinusitis.

Surgery

Surgical management of barosinusitis is best consid-
ered in the context of its classification. The primary
indication for surgery for an episode of isolated, acute
barosinusitis is the management of complications such
as septal abscess,*® orbital sequelae, or pneumocepha-
lus.** However, if the history indicates recurrent acute
barosinusitis, then a search for correctable and possibly
predisposing anatomic variants should be undertaken
by using both imaging and endoscopy. Surgery should
be tailored to the individual and may range from sep-
toplasty and/or concha bullosa reduction alone to un-
cinectomy and targeted sinus surgery in the case of
isolated sinus disease to complete bilateral endonasal
surgery for correction of anatomic causes of barosinus-
itis.

The role of surgery in patients with chronic barosi-
nusitis for whom appropriate medical therapy failed is
evident, with a reported long-term success rate for
endoscopic surgery of almost 92-95%.'** Given the
possibility of further exposure to sudden ambient pres-
sure changes, most researchers agree that a maximal
sinus ostial opening should be attempted to prevent
restenosis and recrudescence of symptoms. A complete
sinus surgery to all paranasal sinuses, maxillary antr-
ostomy, sphenoethmoidectomy, and wide frontal re-
cess clearance (Draf IIA at minimum), with or without
septal and turbinate surgery, is the recommended set
of procedures in these patients.*® Some researchers
reserve the modified Lothrop procedure (Draf III) as a
rescue procedure for recurrent restenosis with baro-
trauma of the frontal recess.*

There is sparse literature regarding the use of balloon
catheter dilation (BCD) in the prophylactic or directed
treatment of barosinusitis, and its utility remains un-
clear. Given multiple years of combined experience
with this procedure, the senior authors (Z.M.P. and
J.V.N.) hypothesize that BCD might provide the most
benefit in cases of sinus barotrauma related primarily
to sinus ostial narrowing and/or stenosis (Fig. 2A and
B). Balloon dilation of the frontal sinus ostium, e.g.,
may prevent occlusion of the sinus outflow tract tis-
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sues that rapidly crescendos into barotrauma. Alterna-
tively, if frontoethmoid air cells are instead largely
contributing to the ostial constriction of the affected
sinus (Fig. 2C), BCD might be counterproductive. Bal-
loon dilation may render improved patency to the
affected sinus ostium but simultaneously compress the
dimensions (and lumen) of the intervening air cell,
which would now be expected to be more affected by
squeeze-reverse squeeze pressures. Although one re-
cent case report showed unsuccessful results with the
use of BCD in recurrent frontal barosinusitis,*” in-
creased numbers of reports and patient series naturally
would be beneficial to further corroborate these hy-
potheses.

PREVENTION OF BAROSINUSITIS

Acute barosinusitis is often associated with recent
URTI, therefore, avoiding significant altitude changes
during episodes of acute viral inflammation is the first
and most important step that should be emphasized to
patients who are affected. It is recommended that pa-
tients with a recent or ongoing URTI or with severe
allergic rhinitis avoid activities that increase the risk of
sinus barotrauma. If ambient pressure change is un-
avoidable, then administration of oral decongestants
before the anticipated event and temporal administra-
tion of local or topical decongestants at times of antic-
ipated shifts in pressure can often prevent baro-
trauma.*® Studies in the field of otic barotrauma®~°
indicated that 120 mg of pseudoephedrine taken 30
minutes before exposure to a barotraumatic event may
have decreased the incidence of otic trauma in up to
52% of patients with a history of barotitis. Conversely,
the relative risk reduction of only 10% is reported in
patients who use only local decongestants (oxymeta-
zoline) before a barotraumatic event exposure.*”*°

CONCLUSION

Barosinusitis, or sinus barotrauma, is a well-under-
stood disease process from a pathophysiologic stand-
point but one that is poorly appreciated in the physi-
cian community. In this comprehensive review, we
illuminate aspects of the history, major reported
causes, treatment paradigms, and preventative strate-
gies associated with sinus barotrauma. Moreover, we
introduce a new classification system for patients with
barosinusitis - acute, recurrent acute, and chronic baro-
sinusitis - which may simplify understanding and di-
agnosis of this fascinating clinical entity, and trigger
earlier consideration of treatment options for patients
who are afflicted.
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